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TABLE 1� COMPOSITION OF NITELLA CULTURE SOLUTION 
3�0 mM CaC12 
1.0 mM MgCl2 
0.2 mM KCl 
2.0 mM Na.HC03 
0.2 mM KN03 
0.004 mM NaH2P04 
4.0 mM tris,- (hydroxymethyl) - aminoetha.ne neutralized 
with HCl to pH 7.0 
1 ml/liter micronutrient stock solution 
Micronutrient stock solution: filtrate from 50 g Brockport 
brown soil boiled 30 min. in 1.0 liter 6.0 mM ethylene­
diamine tetra.acetate at pH 8e0. 
TABLE 2. COMPOSITION OF SOLUTIONS. 
Concentrations are millimoles per liter. The K pH 7.2 solution was neutralized with 
KOH to pH 7.2 and used immediately� 
Ion or K K Low High co2 ... co2- 2Na 2Na + Molecular Carbon Carbon testing testing COz 
pH 5.7 7 .. 2 7.2 5 .. 7 
co2 ... ... 0.032 1.0 
HC03
-
.... 0.03 .. 2 0.2 
Cl- 1.5 1.5 1 .. 3 1.3 
so ... 2 4 ... - ... .., 
H2Po4
- ... .... .... ... 
Na+ 0.1 0.1 0.1 0 .. 1 
K+ 1 .. 0 1.0 1 .. 0 l o O 
Mg+2 0 .. 1 0 .. 1 0.1 0.1 
ca+2 0 .. 1 0.1 0 .. 1 0 .. 1 
+ co2 
7.6 6 .. 8 
0 .. 075 0.5 
1 .. 2 1.2 
1 .. 3 1 .. 3 
... -
- -
1 .. 1 1.1 
180 1 .. 0 
0.1 0 .. 1 
0 .. 1 0 .. 1 
8 .. 3 
Oo013 
1.0 
3 
1.05 
... 
2 
0 .. 1 
0 1 
"I A i.,U 
6 .. 5 
0.8 
1 .. 0 
3 
l o 05 
-
2 
0 .. 1 
1 .. 0 
1 (). 
leV 
5.45 5.7 
0.9 
0 .. 1 
1 .. 5 1.5 
..., 0.5 
0 .. 1 0.135 
1 0 1.35 
.. 0 .. 135 
1 (\ 1�1:\ 
.,$ Ve.J-.J.J 
TABLE 3 ® ENERGY FLUX DENSITY OF MONOCHROMATIC 
The desired energ9 flux densities at all the wavelengths give the quantal flux 
density of 1.5 x 10- Einsteins/cm2sec� 
(nm) 440 475 525 575 625 675 710 715 
Energy flux 4000 3680 3340 3060 2810 2600 2470 2450 
density desired 
$rgs/cm2sec) 
Energy flux 3900 3750 3300 3100 2800 2600 2500 2450 
density measured ±400 ±400 ±300 ±300 i-300 ±300 +300 ±300 
(Ergs/cm2sec) 
.... 
Qua.nta.l flux 1 .. 47 1.53 1.48 1 .. 52 l e 50 1 .. 50 1 .. 52 1 .. 50 
density calibrated ±0.15 ±"0.15 :!:"Oe15 ±0@15 ±0 .. 15 "±-0 .. 15 ±0 .. 15 :to.1s 
(Einsteins/cm2sec 
X 10 9) 
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TABLE 4. EFFECT OF A pH INCREASE FROM 5.7 TO 7.2 ON MEMBRANE POTENTIAL WITH 
WITHOUT BICARBONATE PRESENT pH 7.2. 
For the sequence of solution changes read from left to right in the table. The K 
pH 7 .. 2 solution was neutralized.with KOH to pH 7.2 and used innnediately in the experiment. 
Low Carbon pH 7.2 solution had 0"2 mM Hco3- added to it. See Table 2 for the complete compositions. Cells with atypical responses are shown on the bottom of the tableo The 
"prime" designation appended to an Exp,. No .. means that it is the second trial on one cell. 
(Act. Pot. =Action Potential, Low C = Low Carbon) . 
Exp. Cell 
No. Age, 
Days 
26d' 2 
26e 3 
26£ 4 
26g 3 
26j 9 
261 8 
26m 8 
26m' 9 
MEAN ± SEM 
26d 1 
26h 5 
26i 7 
26k 6 
K pH 
5e7 
151 
146 
155 
168 
142 
141 
168 
171 
155:t"4 
Max. K 
pH 7 .. 2 
179 
173 
181 
193 
169 
172 
194 
199 
183"i"4 
179 
184 
181 
172 
�' -mv 
Act .. Final K Max® Act .. Final 
Pot .. pH 7.2 Low C Pot. ·Low C 
pH 7 .. 2 pH 7o2 
- 177 207 .... 189 
.... 161 199 .... 194 
+ 165 185 ... 175 
+ 168 183 ... 178 
+ 147 168 .... 163 
.... 163 196 + 184 
... 178 208 - 208 
.... 194 212 ... 21.2 
169:t-5 195:!:"5 188±6 
Cells with Atypical Responses 
+ 
+ 
108 
91 
98 
174 
91 
98 
21. 
174 
91. 
93 
Final K 
pH 7 .. 2 
183 
161 
165 
168 
142 
166 
185 
207 
172±7 
159 
10 
98 
27 
Final K 
pH 5.7 
149 
138 
155 
168 
119 
146 
172 
172 
152i-7 
149 
93 
93 
27 
TABLE 5. EFFECT OF LIGHT INTENSITY ON THE MEMBRANE 
POTENTIAL (2Na, LOW CARBON, HIGH CARBON AND .K  S 
The light intensity was changed from 45 ft-c (cool-white 
fluorescent light) to 200 ft-c (45 ft-c cool-white + 155 
ft-c incandescent)., The membrane potentials under the higher 
intensity light stabilized after about 50 minutes; these are 
the potentials listed. The cells in the High Carbon solution 
at pH 5.7 were conditioned in K pH 5.7 solution; the membrane 
potentials of the cells in the K solution under 45 ft-c 
before the start of the experiment are also listed.. The 
other cells were conditioned in the same solutions as used 
in the experiments. For the sequence of light conditions 
used, read from left to right in the table. (Low C = Low 
Carbon, High C = High Carbon) .. 
Em, -mv 
Exp. Exp .. Cell Age, 200 ft-c 45 ft-c 
So ln .. No. Da.ys 
3lb 10 225 145 
31f 4 1 138 152 
2Na 32a 8 171 154 
pH 8 o .3 32b 10 162 127 
32c 6 154 146 135 
32d 7 153 118 
34a 4 160 122 158 
34b 14 148 133 
MEAN ± SEM 166 + g 136 :±"4 
29d 8 184 173 
29f 5 173 118 
Low C 29h 2 203 164 
pH 7 o 2 46a 5 206 161 196 
46b 6 175 195 
46c 7 217 186 203 
MEAN± SEM 198 :±" 7 163 + 10 ... 
K pH 5.7 
45 ft-c 
High C 44a 4 (173) 193 197 183 
pH 5 7 44b 2 (159) 174 174 172 
44c 5 (170) 163 158 173 
± SEM 181 181 176 
45a 1 161 156 158 
K 45b 6 157 152 147 
5.7 45c 7 166 179 167 
MEAN 161 161 157 
TABLE 6. EFFECT OF 675 run AND 715 nm MONOCHROMATIC 
LIGHT ON THE MEMBRANE POTENTIAL. (2Na pH 8.3 
SOLUTION) . 
The superscript apended to the E value indicates the 
sequence of lighting conditions. rW Exp. 31e E value in 
45 ft-c cool-white was used as standard and wasmchecked 
before each lighting condition and afterwards. The Em value 
in 45 ft-c listed is the mean value obtained. In Exp. 42a 
and 42b, Em value in dark was checked before and after each 
monochromatic wavelength, with the Em value in 45 ft-c only 
being measured at the start of each experiment. The Em 
value in dark shown in table is the mean obtainedo In Exp. 
31, 42a, and 42b the cells were also subjected to the C02 addition at 675 nm; 675 nm and 715 nm; dark, 675 nm and 
715 nm, respectively; those results are shown in Table 11. 
The duration of each treatment was about 90 minutes. The 
intensity of the monochromatic light was (1.5 t Ool5) Einsteins/ 
cm2 sec, which was equivalent to 2600 Ergs/cm2 sec for 
675 nm. 
-mv 
Exp., Noo Cell Age, 45 ft-c ,Dark 675 nm 715 nm 
Days 
31e 5 171 1922 1363 1961 
42a 7 1851 170 1532 1703 
42b 6 1921 210 1592 2163 
TABLE 7. THE DEPOLARIZING EFFECT OF VARIOUS 
WAVELENGTHS OF MONOCHROMATIC LIGHT AS COMPARED 
TO DARKNESS (2Na pH 8.3 SOLUTION). 
These results were obtained in two experiments on the 
same N��ella internodal cells. Em values in darkness were measured both before the monochromatic light sequence and 
afterwards. The dark value corresponding to a given 
monochromatic light value was obtained by linear inter­
polation of the two dark values, i.e. a linear change in 
the dark value with time was a§sumed. The radiant flux density was (1.5 ± 0.15) x 10- Einsteins/cm2sec; this 
corresponis to 3900 ± 400 ergs/cm2 sec for 440 nm light 
and 2600 - 300 ergs/cm2 sec for 675 nm . 
Sequence Errh Depolar- Sequence Em, p�pQl�t'-nm -mv ization, mv -mv ization, 
DARK before 199 0 before 190 0 
440 2 145 49 2 129 63 
475 6 132 53 4 123 6 6  
525 4 142 48 3 149 45 
575 5 141 48 6 138 54 
625 1 147 47 5 130 59 
6 75 3 144 49 1 126 6 5  
675 8 123 58 8 131 53 
710 7 169 14 7 166 20 
DARK after 177 0 after 176 0 
mv 
TABLE 8. EFFECT ON THE MEMBRANE POTENTIAL OF ADDITION 
OF C02 + Hco3- TO K pH 5.7 SOLUTION AT SAME pH� 
The High Carbon pH 5e7 solution contains laO mM co2 and 0. 2 mM HC03- with the Hco3- replacing Cl
- in the K pH 5. 7 
so1utiono See Table 2 for complete compositions. TheA Em 
was obtained by subtracting the mean of the two values for· 
the K solution from the value of the High Carbon solution. 
The "prime" designation appended to Experiment No. means that 
it is the second trial on the same cell, which was done after 
letting the cell rest overnight in K solution pH 5.7. For 
the sequence of solution changes read from left to right. 
(High C = High Carbon)� 
Em, -mv 
Expo Cell Age, K Maxo High Final High Final, K AEro, 
No .. Days 5.7 c pH 5. 7 c pH 5 .. 7 pH 5.7 mv 
28a 13 158 164 150 165 +13 
28a' 14 167 173 150 160 
28b 11 155 168 164 167 ... 3 
28c 4 149 164 136 159 +18 
28d 6 165 174 169 163 - 5 
28f 5 144 156 122 142 +21 
28g 7 141 16 6 141 158 9 
28h 8 152 161 147 160 9 
MEANt SEM 154 :t 4 166 + 2 147 + 5 159 + 3 9 .. ..., .... 2 .. � 
. TABLE 9.. THE EFFECT OF C02 ON THE :MEMBRANE POTENTIAL NEUTRAL pH (C02-TESTING SOLUTION)@ 
C02 was bubbled into the C02-testing solution at pH 7 .. 6 containing 1 .. 2 mM Hco3
- .. The lowering of the pH to 6 .. 8 by 
the C02 addition is in itself assumed to have little or no effect on the membrane potential. See text and Table 2 for 
further details.A JSn was obtained by subtracting the mean 
of the two values tor the pH 7.,6 solution from the value at 
pH 6.,8., 
Em, -mv 
Exp., Cell Age, Light pH 7 .. 6 pH6.,8 pH 7 .,6 b.E,m 
No., Days Intensity, (C02) 
ft-c 
29a 7 45 191 182 193 +10 
29b 10 45 188 165 175 +16 
29d 8 200 180 209 173 -34 
29e 10 " 218 221 226 + 1 
29£ 5 " 161 101 174 +66 
29g 6 H 196 207 192 -13 
29h 2 u 189 196 184 -10 
MEAN± SEM for 200 -c 188±9 186±"22 189±10 
TABLE 10. THE TRANSIENT HYPERPOLARIZING EFFECT OF co2 ON THE :MEMBRANE POTENTIAL OF NITELLA CELLS IN LIGHT (2Na SOLUTION)o 
The 2Na solution contains 2 roM Na, ool mM K and 1.0 mM HC03-. The co2 is bubbled into the 2Na solution, lowering the pH from 8.3 to 6.5 and giving a H2C03 concentration of 0. 8 mJ1. The complete solution compositions are given in Table 2o 
Exp. Cell Age, 
Noo Days 
31a '6 
3ld 16 
3lb 10 
32a 8 
32b 10 
32c 6 
32d 7 
Intensity, 
ft:c 
45 
45 
200 
H 
H 
n 
u 
MEAN± SEM at 200.ft-c 
211 
142 
Em, -mv 
Max., 
8. 3 2Na + C02 
183 
187 
145 203 
154 201 
127 187 
146 179 
118 172 
138± 7 188 :t 6 
Final 2Na 
2Na + COz pH 8o3 
183 
167 
203 
107 
152 
161 
100 
14"5 + 19 ... 
died 
162 
158 
149 
137 
147 
130 
144 :!- 5 
Em, -mv 
at 45 ft-c 
225 
171 
162 
154 
153 
TABLE 11. THE EFFECT OF C02 ON THE MEMBRANE POTENTIAL OF NITELLA CELLS IN MONOCHROMATIC RED AND FAR RED LIGHT (2Na SOLUTION)., 
2Na solution contains 2 mM Na, 0.1 mM K and 1.0 mM HC03-. The C02 is bubbled 
into the 2Na solution, lowering the pH from 8o 3 to 6.5 and giving a H2COJ concentration 
of 0.8 mM. The radiation flux density is given in Table 3 and the solut�on compositions 
are given in Table 2o The potentials at pH 6.5 were the maximum and the steady state 
levels obtained, the latter at about 2 hours after the C02 addition. 
Em, -mv 
Expo Cell Age, Wavelength, 2Na Maximum Final ---2Na 
No., Days nm pH 8 .. 3 2Na + COz 2Na + C02 pH 8.3 
_ 6oS pH 6e5 
42a 7 675 150 182 177 155 
42b 6 675 144 193 162 174 
42a 7 715 170 195 162 170 
42b 6 715 215 205 199 217 
42b 6 DARK 217 211 187 212 
TABLE 12,. THE EFFECT OF INJECTING VARIOUS SUBSTANCES INTO THE VACUOLE OF NITELLA 
CELLS: CHANGES IN THE MEMBRANE POTENTIAL. 
See Methods for detailso The uprime" designation appended to an Experiment No .. means 
that it is the second injection for that cell .. (Inj. = Injection) .. 
�' -mv 
Expo Cell Substance Injection Duration, Approx .. Dark or Before At End Arter 
No . Age, Injected Rate, hr Final Cone . Light Inj .. Of Inj .. Inj .. 
Days ml/hr in Cell, mM Period 
7a 2 Distilled 3 .. 8 0 .. 5 II 0 0 L 160 200 
7b 5 HftO 3.8 4o5 " 0 .. L 165 155 
p 5 .. 5 
Se 14 0 .. 294 M 300 Oo 025 22o4 D 155 160 (1 
15a 2 DL Glycer- 2o 5 2 .. 3 17 .. 1 D 130 135 
15a' 2 aldehyde-3- 150 0 .. 017 14o 2 D 135 102 132 ( 
phosphoric + 2o5 1o25 
acid pH 2.,0 
1la 9 fl 0 .. 2 3 .. 5 0.7 L 63 63 
1la' 9 " 12 0.67 8 L 70 70 
15b 1 H 1 .. 8 4., 0  7o 2 L 145 140 
6b' 2 0.0147 M 12 0 .. 58 10 .. 3 L 125 115 
6c 4 DL Glycer- 2o5 2 .. 5 7o4 L 130 138 
aldehyde-3-
phosphate, K 
salt pH 6o15 
9a 5 0.015 mM Di- 2o5 2 .. 0 Oo008 L 153 151 
9a 6 hydroxy- 150 0.033 Oo008 L 154 
acetone 
8b 6 H (this 3o5 2 .. 8 0 .. 02 L 103 103 
cell conditioned 
D-4 solution 
16a 7 Oo0434 M 3- 2o 5 0.5 5 .. 4 L 140 95 110 (2 
16b 3 phosphogly- " Oo9 10 L 123 123 
16c 9 eerie acid n 1 11 L 95 100 
16d 6 5"37 n 2 22 L 102 120 
16f 5 u 2 22 L 150 153 
3 0 OS mM eve 2 .. 5 2.5 OoQ3 L 128 120 
70 
60 
� 5 0 
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Fig. 1. Depolarizing effect of various wavelengths of 
monochromatic light on Nitella,as compared to darkness,in 
2 Na pH 8,3 solution. The numbers on the curve indicate the 
sequence of the monochromatic wavelengths applied. The uncircled 
mnubers indicate the values obtained from a 1.0-day old cell while 
the circled ones indicate those obtained from the same cell on 
day 12. Between days 10 and 12, the ce 11 was kept under 45 foot­
candles cool white fluorescent light. The precise values obtained 
are presented in Table 7. 
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Fig. 2. The dependence of the level of the membrane potential 
on the intensity of 675 nrn light. The results were obtained 
on a 10-day old Nitella cell in 2 Na pH 8.3 solution. 
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